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Visible Radiation from an Atomic Bomb Explosion.
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‘. Nature of
o ‘|

For two or three seconds after the explosion of an air-burst atomic
bomb, visible radiation is emitted from 7h globe, the "ball
of fire", centred on the place where the Tomb burst. Before dealing with
the size and effective temperature >f this globe we describe first how it
is generated.

The shock of the nuclesr explosion passes through the material of
the bomb and is transmitted to the air as a very intense shock whose rassage
raises the air toc an extremely high temperature, of the order of a million
degrees K. It is this shocked air which gives the visible radiation.

As the shock passes away from the bomb, its ability to heat the air
decays rapidly. Thus the outer boundary of the "ball of fire" does not
continue to expand indefinitely. After a while the edge expands only
because of the outward motion of the hot gases themselves. The gases are
meanwhile losing energy by thermal radiation, and the recognisable ball
ceages to expend after about a third of a second. The transport of ensrgy
by thermal radiation is very rapid in the earliest stages and is indeed a
controlling factor in the initial motion of the boundary of the ball of
fire. However, the radiation is then of the nature of soft X-rays and is
rapidly absorbed, For an observer at a few hundred yards the observable
rhenomena can be desoribed quite well as an expanding and cooling ball,
radiating as a black body.

After a few scconds the ball ceases to be visible to the eye and
the hot and buoyant gases rise, sucking in cold air as they ge, to form
the so=called "smcke eloud",

When a bomb is exploded undervater at depths of order 100 foct,
bubble formed is still hot enough to radiate as it breaks through
surfacea The radiation is of ecourse much Weaksr in this case and
trivial hazard compared with the radioactivity.

2a Radius and temperature of the ball of fire

Observations of the radius as a function of time were made at the
Trinity and Able shots and were reasonably consistent. The temperature
wa.s measured photographically at Trinity and several methods were attempted
at Able, while a theoretical curve was produced at Los Alamos. The results
scemed at first to be extremely contradictory. 1ir. Woodoock (of A.R.Es)
has been locking into this motter and has been able to reconcile the results
except that a gross error by one of the previous workers is implied,

The results are shown in Figs. 1 ~ L. The radius of the ball of
fire (Figs 1) increases guite steadily for about a third of a sccond.
The final radius is about 300 yards, The transition curve from the steady
expansion to the part of constant radius is only a guess, but is not an
important point. The behaviour of the radiation temperature (Figs. 2 & 3)
18 more invclved. The solid wurve of Pige 3 is the final result of
Woodeock!'s analysis. It répresents quite well the total radiation deduced
from observations at 18 miles from the Bilini bomb (dottcd curves of Fig. 3)
and it joins smoothly to the temperatures rccordsd photographicolly at
earlier stages of the phcnomenon. The Los Alamos theoretical results
(curve II of Fig. 2) are not relidble beyond their minimum, except in
general form, and to this extent they agree reasonably well with curve III
(Fige 2), obtained by direct photography of the ball ot Bikini, and with
the =olid curve of Fig. 3. The rise of temperature during the very
carliest phase in curve IIT of FMige 2 is presumbly due to the finite
resolution of the camera overcstimating the radius of the light source at
this time. The Trinity bomb was photographed amd the results (curve I
of Fig. 2) are difficult to reconcile with any other data. t is presumed
that there was an error in the processing of the film, as was indeed the
belief of the photographers at Bikini,
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conclude that
first 10 milliseconds,
lasting for almost a second,

By Enersy radiated

The temperaﬁuve of he rad redsy Eox t“= greater part of the time,
about the same as that of the outer layers { Sune The ultra-violet
light at less than j 0PA will be strongly ﬁbvo ‘bed in the atmosphere, and
if we omit this we get an estimate for the total amount of effective energy
rodiated. In this way Mr, Woodcock has found 8 x 1012 galories, or, if
we define a kiloton of T.N.T. as 41012 calories, the radiated energy is
8 Xkilotons. This is divided almost egually between visible radiation and
infra~red, 8 kilotons is about 4C per cent of the energy released in the
original nuclear explosion.
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Fige L4, taken from a report by lr. Woodcock, shows his best estimate
f the outward flux of energy., in wavelengths greater than 5000 A, as a
function of time from explosions

L Ignition by radiation

Several workers have attempted to ealoulate the conditions under
which wood or curtains could be ignited by the radiation alone, These
methods agree with observations in Japan and at Bilkini in showing that
seorching is possible ot distances of order two miles, depending on the
specific heat of the material and its reflection coefficient. The
hlast would usmally be more important as a couse of indirect fires, This
view is suprorted also by experiments with wooden srecimens exposed to the
Trinity bombs

5.  Floash-burn

In practice the most important effect of the radiation.is
burn" produced on human skin exposed to the radiation. As We have
the time-scale of the phencmenon is of order two to three scconds, so
the involuntary closing of the eyes protects them from especially serious
results. Dr. Pochin will describe radii for flash-burn of various degrees.
Here it will suffice to mention that the effects extend to grecter distences
thon do those produced by the gamma reys and neutrons. Fortunately even
the lightest of screening is a complete protection against burns.

6« Rain and fog.

Tn a clear atmosphere the radiation travels away in stroight lines
without much absorption. If we now add rain or water-drops the rodiation
is scattered agnin ond again, often ending up by being absorbed in the
ground or returning to the ball of fire. In the latter case the radiation
reappears later, since rodiation is the main mechanism by which the ball
cools. Scattering therefore increases the length of path of the radiation
and so enhances the effect of any absorbing agents present, and if there are
smoke particles present among the water,as in 2 town fog, the attenuation
of the thermal radiation is very greot. Of course the smcke particles
now becomec hot and emit radiant energy, but as their temperature is lower
than that of the ball of fire much of the energy is trapped in the infra-
red absorption bands of the weter vapour, present at saturation pressure
in fog or rain, Thus mist and especialiy a smoky fog will cut down the
risk of flashburn.

An attempt has been made to estimete the effect of smoke and fog on
the radius to which flashburn is expericnced, An essential feature is
the tronsfer of energy by the smoke particles into wavelengths ot which it
is strongly cbsorbed by the water vapour present; this feature reguires £
its mathematical descrivtion an absorption coefficient verying strongly
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SIZE OF THE BALL OF FIRE.
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OUTWARD FLUX /N CALOR/IES
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